INTRODUCTION
============

Electronic nicotine delivery systems or electronic cigarettes (ECs) are devices that aerosolize liquid nicotine by heating a solution of nicotine, glycerol, and flavoring agents.[@B1] There has been an increase in awareness and the usage of EC in many countries.[@B1][@B2][@B3] Moreover, the prevalence of EC usage in adolescents and young adults has been reported to be higher than in older adults.[@B1][@B2][@B3] The online sales and improper regulations of EC have an impact on the increment of EC usage, especially in young adults.[@B1][@B4][@B5][@B6] Without the common regulations of EC, the products on sale have varied levels of nicotine concentration labeled on their packages across several countries.[@B4]

With an increase in EC usage, there has been an augmentation in concerns about the toxic exposures to nicotine.[@B6][@B7] In adults, 0.7% of exposures were intentional to commit suicide.[@B6] Two cases of death have been reported due to consumption of electrical cigarette liquid (EC liquid).[@B6][@B7]

We present case reports of two patients with cardiac arrest resulting from the ingestion of EC liquid with an attempt to commit suicide.

CASE DESCRIPTION
================

Case 1
------

A 27-year-old male was admitted to the emergency room (ER) with return of spontaneous circulation (ROSC) after cardiac arrest on 27 December 2015. He bought 10 bottles of EC liquid 3 hours before arrival to the ER. He was found showing seizure-like movements. At the scene, a disposable cup with brownish liquid and a suicide note were found. At the arrival of paramedics, he was found pulseless with the first-monitored rhythm as asystole. Cardiopulmonary resuscitation (CPR) was provided for 13 minutes until ROSC. The brand names of the EC liquid were DIY Flavor Shack^®^ with a nicotine concentration of 16 mg/mL and Halo^®^ with a nicotine concentration of 18 mg/mL. The actual amount of consumption was not detected.

At the time of arrival to ER, the vital signs were as follows: blood pressure (BP) 105/57 mmHg, pulse rate (PR) 111 beats per minute (bpm), respiratory rate (RR) 19 bpm, and body temperature (BT) 34.5°C. He was comatose with fixed pupil size of 3 mm. For post-cardiac arrest care, targeted temperature management (TTM) with 33°C was started. Activated charcoal was given via levin tube and continuous venovenous hemodiafiltration (CVVHDF) was started. Initial laboratory tests were not notable. The results included the following: pH 7.154, PCO~2~ 47.3 mmHg, PO~2~ 497.6 mmHg, FiO~2~ 100%, base deficit 12.4 mmol/L, HCO~3~ 316.3 mmol/L, SaO~2~ 99.8%, lactic acid 9.30 mmol/L, creatine kinase (CK) 140 U/L, creatine kinase-myocardial band (CK-MB) 1.0 µg/L, high-sensitivity troponin I 0.031 ng/mL (at 3rd day of admission, high-sensitivity troponin I 4.097 ng/mL), S100 0.218 µg/L (at 2nd day of admission, 0.060 µg/L), and serum ethanol 164.56 mg/dL. The level of plasma nicotine was not measured due to the limitation of the facility\'s capacity.

Electrocardiography (ECG) showed sinus tachycardia with a rate of 110 bpm and ST segment depression in leads V4 to V6. Echocardiography showed decreased left ventricular (LV) systolic function with an ejection fraction (EF) of 35% and regional wall motion abnormalities (RWMAs) at the mid and proximal left ventricle. On the 5th day of admission, echocardiography showed the systolic function with EF 58% and the full recovery of RWMAs.

After 24-hour TTM, he was alert and aware. He did not remember events during the previous two months. Brain magnetic resonance imaging (MRI) showed bilateral hippocampal disruption. Amnesia was recovered on the 9th day of admission. On the 6th day of admission, he had involuntary myoclonic movement of all the extremities without any changes in brain MRI. On the 13th day of admission, he was discharged to home with a cerebral performance category (CPC) of 2.

Case 2
------

A 17-year-old female was admitted to ER with cardiac arrest on 12 April 2016. She had ingested 10 mL EC liquid named 'Pure Nicotine^®^' with a nicotine concentration of 210 mg/mL ([Fig. 1](#F1){ref-type="fig"}). She showed generalized tonic clonic movement for 5 minutes. After fifteen minutes, paramedics arrived and recognized that she was unresponsive with a pulse and fully dilated pupils. As arrest with the rhythm of asystole was noted during transportation, CPR was performed for 8 minutes.

![A bottle of 10 mL EC liquid named 'Pure Nicotine^®^,' which is on sale in Korea, contains a nicotine concentration of 210 mg/mL.](jkms-33-e52-g001){#F1}

After ROSC, the vital signs were as follows: BP 60--34 mmHg, PR 116 bpm, RR 26 bpm, and BT 35.3°C. She was comatose with a fixed pupil size of 3 mm. Activated charcoal was given via levin tube and CVVHDF was done for 2 days. For post-cardiac arrest care, TTM with 36°C was started. Initial laboratory tests were not notable. The results included the following values: pH 6.881, PCO~2~ 65.9 mmHg, PO~2~ 439.1 mmHg, FiO~2~ 100%, base deficit 22.0 mmol/L, HCO~3~ 12.1 mmol/L, SaO~2~ 99.6%, lactic acid 14.3 mmol/L, CK 54 U/L, CK-MB 0.3 µg/L, high-sensitivity troponin I 0.007 ng/mL (at 3rd day of admission, high-sensitivity troponin I 0.427 ng/mL), and S100 0.700 µg/L (at 2nd day of admission, 0.520 µg/L). The level of plasma nicotine was also not measured.

Initial ECG showed sinus tachycardia with a rate of 109 bpm. Echocardiography showed decreased LV systolic function with an EF of 48% and RWMAs at the mid left ventricle. On the 17th day of admission, echocardiography showed the systolic function with an EF of 69% and the full recovery of RWMAs.

After 24-hour TTM, rewarming was done to 36.5°C, she was semicomatose without awareness. Somatosensory evoked potential on the 4th day of admission showed bilateral absence of N20 on median nerve. Generalized myoclonic movement was noted. Electroencephalogram on the 4th day of admission showed generalized suppression without seizure. Although spontaneous eye opening was noted, neither awareness nor intentional movement was noted. On the 32nd day of admission, she was transferred to a rehabilitation facility with a CPC of 4.

DISCUSSION
==========

In the present study, we presented two cases with cardiac arrest resulting from intentional ingestion of EC liquid, which are the first reports in Korea. The latter patient was the first adolescent to date with an attempt of committing suicide by ingestion of EC liquid.

The intoxication caused by nicotine from EC liquid is reported to have only minor effects.[@B6] Over 20% of exposure showed no symptoms and common symptoms were vomiting, nausea, ocular irritation, and dizziness.[@B6] Unintentional exposures and adverse reactions were included in a previous study, which accounted for about 92% among the total exposures.[@B6] Intentional exposures with suicidal ideation accounted for 12 cases.[@B6] In cases of intentional exposures, a large amount of EC liquid leads to cardiac arrest.[@B7] There were two fatal cases leading to death.[@B6][@B7] In both the cases, exposure to EC liquid led to seizure and cardiac arrest.[@B6][@B7] In our cases, intentional ingestion led to seizures, myocardial dysfunctions, and cardiac arrests. As the LD50 for nicotine in humans is 1 mg/kg, doses in our cases exceeded the lethal dose.[@B8]

According to a previous research study, the most common age group of exposure to EC was children under 5 years of age.[@B6] The next common group was adults aged between 20--39 years.[@B6] The prevalence of EC usage in young adults (20--28 years) was higher than in older adults (more than 45 years).[@B1] The advertisements and the sales of EC are easily accessible online, which create more opportunities for young adults to come in contact with it.[@B1] Adolescents have similar opportunities like young adults to come in contact with EC via the internet.[@B1][@B2] Furthermore, the tendency to seek new experiences has an influence on exposure to EC in adolescents.[@B1] It is hypothesized that with an increase in exposure to EC in adolescents, intentional ingestion of EC liquid for suicide might also increase. Our case is the first report to describe the ingestion of EC liquid with an attempt to commit suicide in adolescents.

In previous studies, the necessity for regulations of EC liquid has been presented.[@B2][@B3][@B4][@B5] The majority of the products have their own concentration of nicotine and the amount is detailed on the package.[@B4][@B5] However, in many products, the label shows inaccurate information about the amount and the concentration of nicotine.[@B4][@B5] For these reasons, the Unites States Food and Drug Administration made regulations about the product approval, warning labels and packaging requirements.[@B9] However, there are no regulations about the labels and packaging requirements in Korea.[@B5] A product named 'Pure Nicotine^®^' is on sale in Korea and has been mentioned in previous studies because of the high concentration of nicotine ([Fig. 1](#F1){ref-type="fig"}).[@B4][@B5] The label indicates a nicotine concentration of 210 mg/mL; however, the concentration was actually determined to be 150 mg/mL in this product.[@B4] Compared to other products that have a nicotine concentration between 0 to 36 mg/mL, the amount of nicotine in 'Pure Nicotine^®^' is significantly high and usage via inhalation without dilution can cause adverse effects.[@B4] In our case, one of the patients was exposed to 10 mL of 'Pure Nicotine^®^,' which led to cardiac arrest.

With an increase in EC usage and the absence of proper regulation for EC liquid, the concerns about the toxic exposure have also increased.[@B5] The presented cases caution that the ingestion of EC liquid can be one of the emerging methods for suicide, especially in young adults and adolescents.
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